Abstract-Voltage source inverters (VSIs) are usually used for all kinds of distributed generation interfaces in a microgrid. It's the microgrid's superiority to power the local loads continuously when the utility fails. When in islanded mode the voltage and frequency of the microgrid are determined by the VSIs, therefore the power quality can be deteriorated under unbalanced and nonlinear loads. A voltage unbalance and harmonics compensation strategy for the VSIs in islanded microgrid is proposed in this paper. This method is implemented in a single synchronous reference frame (SRF) and responsible for both the voltage unbalance and harmonic compensation. Furthermore, the virtual impedance loop is modified to improve the compensation effect. The impedance model of the VSI is built to explain the compensation ability of the proposed strategy. The whole control system mainly includes power droop controllers, a modified virtual impedance loop and inner SRF-based voltage unbalance and harmonics compensators. The proposed strategy is demonstrated in detail and validated with simulations and experiments.
I. INTRODUCTION
The concept of microgrid is an effective way to integrate all kinds of distributed generators (DGs) as a utility-friendly customer [1] [2] . A typical AC microgrid usually consists of DGs like wind generation, photovoltaic generation, fuel cell generation, energy storage systems (ESS) like batteries, super capacitors, fly wheels, local loads like lighting, air-conditioners and computers. Most of the DGs and ESS are DC form or have middle DC bus, thus VSIs are usually adopted as the interfaces to the AC bus [3] [4] [5] .
There might be large numbers of unbalanced and nonlinear loads in the three-phase microgrid such as single-phase loads, rectifier loads, etc [6] . Unfortunately, power quality of the islanded microgrid can be deteriorated under unbalanced and nonlinear loads since it lacks of the voltage and frequency support from the utility [7] . Unbalanced and harmonic-distorted voltage can cause severe problems on equipment such as vibration, over-voltage, over-heat, etc.
Active power filters (APFs) are commonly utilized to ensure power quality in the utility [8] [9] . Series APFs are usually utilized to compensate the voltage unbalance and harmonics by injecting negative-sequence and harmonic voltage to the distribution line through coupling transformers [10] . However, for the microgrid situation, it's uneconomic to install extra APFs for each of the DGs. The DGs includes prime movers and conversion interfaces. The output of the prime movers is DC form (such as PVs, fuel cells, batteries, etc) or AC form (such as wind generators, micro-turbine generators) but usually converted to DC form at first [11] .
Then the DC-AC VSIs are utilized as the interfaces to connect the prime movers to the local AC bus of the microgrid. The main function of the VSIs is the power transfer and control.
Besides, the voltage unbalance and harmonics compensation ability can be achieved by proper control of the VSIs when the output is of voltage-source type [3, 12] .
Some work has been done on voltage unbalance compensation through controlling of the VSIs [13] [14] [15] [16] [17] . Negative-sequence current is injected into the microgrid using the surplus capacity of the inverters to balance the voltage of the microgrid in [13] , in which only unbalanced voltage is solved and the injecting current might be too large under severe conditions. Extra series inverter is used for power quality compensator in [14] [15] , which is uneconomic for the microgrid situation. In [16] [17] , a compensation method in stationary reference frame is discussed, in which the unbalanced voltage is compensated with a resonant voltage controller inside the power droop loop and the virtual impedance loop. However, the unbalanced voltage drop across the virtual impedance is not considered, which finally leads to unbalance of the output voltage and the compensation effect weakened. 
II. SIMULATION AND EXPERIMENTAL VALIDATION

A. Simulation results
The proposed PI plus multi-resonant voltage controller for voltage unbalance and harmonic compensation of the VSI in the islanded microgrid is validated through simulation in Matlab/simulink firstly. The simulation results are presented in Fig.7 using the parameters given in Table II and Table III 
B. Experimental prototype and validation
Finally, an experimental prototype is built up based on a RT-LAB environment as illustrated in Fig.8 to validate the proposed control strategy. The circuit and control parameters used in the experiment are the same as given in Table II and Table III with three-phase balanced resistive load R 1 =320Ω, unbalanced resistive load R 2 =480Ω and diode bridge rectifier load R 3 =1000Ω. The three different control strategies mentioned in the simulation section are all tested in the experiments with all the balanced load, unbalanced load and rectifier load on. The steady state output voltage and current are presented in Fig.9 (a), (b) and (c). Simulation and experimental results of the three different control strategies with balanced load, unbalanced load and diode bridge rectifier load are given to validate the effectiveness of the proposed control strategy.
